Aim: The aim of this study was to determine the incidence, risk factors, consequences and accuracy of imaging evaluation of lymph node (LN) metastasis in a cohort of 406 patients treated with radical hysterectomy (RH), lymphadenectomy of pelvic LN (PLN) and para-aortic LN (PALN), which was performed primarily by one physician. After adjusted with clinico pathologic factors, general and site-specific LN metastases were independent risk factors of progression-free survival and overall survival (all P values <0.05). Preoperative imaging evaluation had low sensitivity but high specificity for predicting LN metastasis.
INTRODUCTION
Cervical cancer has the highest incidence and mortality in female genital tract cancers in China. 1 For patients with early-stage cervical cancers, lymph nodes (LNs) metastasis has been proved to be a critical risk factor related to the survival of cervical cancer. 2, 3 Previous studies have suggested that the 5-year overall survival (OS) of patients with early-stage cervical cancers could decrease by approximately 30% as the LN metastasis occurs. 4 Pelvic lymphadenectomy has integrated into the surgical treatment for young patients with early-stage cervical cancer, 5, 6 whereas the role of lymphadenectomy of para-aortic LN This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. (PALN) is still controversial, 7 because of its invasive characteristic, potential severe complications and requirement for high skill. 8, 9 There were also few reports about relevant clinico pathologic factors predicting LN metastasis. In this study, we aim to elucidate incidence, relevant clinico pathologic factors of LN metastasis and their impact on survival outcomes in patients of stage IB cervical cancer treated with radical hysterectomy (RH) from a tertiary teaching hospital, which were performed primarily by one physician, and all patients received lymphadenectomy of pelvic LN (PLN) and PALN. Besides, various presurgical imaging methods were evaluated for the predictive accuracy of LN metastasis. 
Patients
Data of eligible patients were collected by searching and review- 
Presurgical imaging evaluation
All patients received presurgical imaging evaluations including contrast-enhancement computed tomography (CT), gadolinium- In procedure of RH, removed LNs were placed and sealed in bags made up of sterile gloves, and were taken out together with excised uterus. The caudal extension of LN removal was bounded by deep circumflex iliac vein, whereas PALNs were removed along the aorta and inferior vena cava up to the level of inferior mesenteric artery level, and to the renal vein level when the metastasis was suspicious. LNs of external, internal iliac vessels and obturator were always removed as conterminous tissues. LNs of common iliac vessels and para-aorta were dissected specially for analysis of metastasis. Skeletonization of major vessels was labeled as thoroughness of lymphadenectomy, and the numbers of LN were recorded to guarantee the quality of lymphadenectomy.
Treatments
Complications related with RH within 3 months were reviewed and collected from medical records as adverse events according to Common Terminology Criteria for Adverse Events (CTCAE) v4.03. 13 All histological specimens underwent thorough pathologic exam- ing radiation therapy is given to achieve curable treatment. and 5-and 10-year OS was 88% and 84%, respectively. 
Statistical analysis

Distribution of lymphatic metastasis
Predictive factors of lymphatic metastasis
Univariate analysis results of significant relevant factors of lymphatic metastasis are listed in Table 2 . In multivariate analysis, parametrial involvement was an independent risk factor for metastasis to gen- 
Impacts of lymphatic metastasis on survival outcomes
In multivariate analysis, general LN metastasis (hazard ratio CI, 1.9-6.9; P < 0.001) were independent risk factors of higher mortality. However, neoadjuvant therapy and postoperative adjuvant therapy as a whole or definite regimens (chemotherapy or radiotherapy) had no impact on the recurrence or mortality in univariate or multivariate analysis (all P values >0.05).
As shown in Table 3 , in univariate analysis, LN metastasis to specific sites all resulted in higher recurrence and higher mortality. After adjusted with FIGO stages, status of vaginal margin for recurrence, surgical year for mortality a LN metastasis to specific sites remained independent risk factors of survival outcomes (all P values <0.05).
Predictive value of presurgical imaging
Within 4 weeks before RH, imaging evaluation of CT, MRI and PET-CT were prescribed for 368, 22 and 16 patients, respectively. Imaging and pathological assessment about LN metastasis are listed in Table 4 .
There were 81 cases of LN metastasis in presurgical imaging, which is greater than practical involved cases (57 cases). There were no significant differences of accuracy of three imaging modalities (all P values 95% CI, 95% confidence interval; HR, hazard ratio; LN, lymph node; OS, overall survival; PFS, progression-free survival.
TA B L E 2 Univariate analysis of risk factors for metastasis to lymph nodes in cervical cancer
DISCUSSION
Lymphatic metastasis is the most important risk factor of survival outcome in cervical cancer, [14] [15] [16] which could make the recurrence increase to 25-30%. 17 The incidence of PLN metastasis in cervical cancer patients staged IA2-IB2 ranges from 3.7% to 21.7%, 18 and could be 30% higher than PALN metastasis. 19 Few reports explored the predictive factors of LN metastasis. For cervical cancer of IA-IIB, invasion depth of stroma and involvement of parametrium may be independent risk factors associated with lymphatic metastasis in multivariate analysis. 25 The PALN metastasis was considered to be correlated with PLN metastasis, whereas the rate of skip metastasis was lower than 4% in most of previous studies, 26, 27 and negative common iliac LN may indicate a relative low risk of PALN metastasis. 28 However, the status of general LN was only related to the status of parametrium, whereas positive parametrium is a just mis- found results from nodal staging surgery of the patients using PET/CT, which showed that no PALN metastasis before definite chemoradiotherapy could be cost effective. 33 Scans using CT, MRI and PET are routinely used in presurgical examinations. But the discussion about the most useful imaging method for detecting lymphatic metastasis has not reached a consensus. There has been a study reporting that for LN of a certain size, CT could achieve a specificity higher than 90% and a sensitivity ranges from 45% to 80%; FDG-PET has a higher sensitivity and is able to detect different kinds of distant metastases including PALN metastasis. 34 Choi et al. described PET/CT as the most advantageous method in presurgical assessment of cervical cancer in a metaanalysis. 29 However, it still has a false-negative rate of 12%. 35 In general, the sensitivity and specificity of imaging methods are not entirely satisfactory, which could also be recognized in our study, due to lots of factors resulting in the enlargement of LN, and 10-15% patients whose image shows no lymphatic metastasis might be proved to have LN metastasis in a pathological analysis. 36 The main limitations of our study consist of recall bias and selection bias as a retrospective study. Lack of consistent criterion of pathologic examinations and imaging evaluation were the most important confounding factors in our study. The limited sample size of positive common iliac LN and PALN restricted extrapolation of related conclusions.
CONCLUSION
Lymphatic metastasis was significantly related to the clinico pathologic characters and survival of cervical cancer. Preoperative imaging evaluation had low sensitivity but high specificity for predicting LN metastasis. Various imaging methods, such as CT, MRI and PET-CT, had similar accuracy of prediction for lymphatic metastasis.
